Ultra miniature force plate
INTRODUCTION

Static calibration
32
Mean sensor outputs versus loading force are plotted in Fig. 1 
43
Matrix K and Fig. 1 confirm the predictions of the finite element analysis concerning the decoupling
44
(crosstalk < 2%) of the z-direction from the other two directions. Similarly, there is a crosstalk below 6%
45
on the x-direction when forces act along the y-axis. Surprisingly, we found a crosstalk between Fx and 46 Fy (cp. Fig. 1A ). With respect to the calibrated forces, this effect is in the range of 15%. This behaviour can be corrected, since a highly significant relationship was determined through linear regression (Eqn. 
50
Dependence on site of force application: The z-component is largely independent (< 5%) of the site
51
(± 2 mm) of force application (cp. Fig. 3D ). As predicted by modelling the vertically oriented bending 52 beams changed their signals at off-centre vertical loads (Fig. 2D) 
corrective calculations is shown in Fig. 2 .
The dynamic calibration led to similar results like the static experiments (Fig. 3) . Because the calibration events had an average duration of 57.2±8.6 ms, which is approximately equal to the contact time of an 63 ant leg during running (cp. Fig. 6 ), these trials verify the applicability of the sensor in the field of insect biomechanics. Through the software-supported identification of the site of force application, accuracy and spatial resolution was clearly higher than in the static experiments. Accordingly, quantity and quality
66
of the data set and thus reliability of the results was much higher. Concerning the crosstalk effect at off-
67
centre vertical loads, we determined the following equations (cp. Fig. 3B and C). 
68
As soon as the steel ball was on the plate with its complete weight (322 µN), Sz remained stable on a 70 constant level around 15 mV ( Fig. 3D and 4B) . Consequently, the vertical calibration factor amounted 71 to -21.39±1.60 µN/mV and the corresponding regression is.
72
F U 21.39 U , r 0.923, N 1784 ( 8 )
73
In Fig. 4 we present one example of a dynamic experiment including force calculating under application 74 of all corrective calculations.
75
Natural frequencies
76
Natural frequencies of the three force directions were calculated to be among 200 Hz and 380 Hz (cp.
77 Table 3 ). We conducted an experiment to determine the actual eigenfrequencies of the prototype. This , Eqn. 10) was established, which is the inverse of K.
( 1 0 ) single experiment a number of approximately 70 data points were registered to map the complete plate length of 4 mm. These data points were used to re-calculate the calibration factor in the z-direction and the crosstalk effect on Sx and Sy at off-centre vertical (z) loads. 
301
One of them is equipped with a strain gage (Sz) at its clamping. Horizontal, respectively forces in the x-
302
and y-direction, are registered by the signal of the strain gages Sx and Sy on two orthogonally oriented 303 bars. At the end of the upper beam, a square tread is attached (side length 4 mm). Their embedding in Fig. 8 . Results of the finite element analysis at different load conditions. Von Misses Stress in the 3D
